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wkh oderu pdunhw ru dv|pphwulf lqirupdwlrq ri dq| nlqg/ lv hpsor|hg wr vwxg| wkh
qdwxuh ri frqwudfwv vljqhg ehwzhhq d odqgorug dqg d whqdqw lq d uxudo hfrqrp|1 Wkh
sdshu surylghv frqglwlrqv xqghu zklfk gl￿huhqw w|shv ri frqwudfwv pd| suhydlo1
Nh|zrugv= whqxuldo frqwudfwv/ glvfrxqw idfwru/ wzr shulrgv1
MHO Fodvvl￿fdwlrq= G;3/ T4<1
Zh dfnqrzohgjh khosixo frpphqwv dqg vxjjhvwlrqv iurp wzr dqrq|prxv uhihuhhv1
Zh dovr wkdqn Vdqgur Euxvfr/ Ghedeudwd Gdwwd dqg Sudghhs Gxeh| iru khosixo glv0
fxvvlrqv dqg jxlgdqfh1 Doo huuruv dqg rplvvlrqv duh wkrvh ri wkh dxwkruv1
Iruwkfrplqj lq wkh Mrxuqdo ri Ghyhorsphqw Hfrqrplfv1
Vhswhpehu 4</ 5333
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5Dv Vhqjxswd +4<<:, srlqwv rxw/ Vkhww|*v +4<;;, prgho dfwxdoo| vkrzv wkdw frqwudfwv zkhuh wkh vkduh lv
juhdwhu wkdq rqh pd| eh wkhruhwlfdoo| rswlpdo1 Krzhyhu/ vxfk frqwudfwv vhhp xquhdolvwlf lq sudfwlfh dqg zh
wkhuhiruh uxoh wkhp rxw1 Iru dq h{whqvlyh glvfxvvlrq rq wklv lvvxh/ zh uhihu wkh uhdghu wr Ud| dqg Vlqjk
+4<<;,1 Zh wkdqn dq dqrq|prxv uhihuhh iru gudzlqj rxu dwwhqwlrq rq wklv lvvxh1
6Wkhuh lv hpslulfdo olwhudwxuh ^h1j1 Doohq dqg Oxhfn +4<<5, dqg Dfnhuehuj dqg Erwwlflql +5333,‘ zklfk
dfnqrzohgjhv dqg whvwv wkh k|srwkhvlv wkdw fhuwdlq w|shv ri frqwudfwv surylgh wkh whqdqw zlwk lqfhqwlyhv wr
h{sorlw dqg dexvh wkh vrlo ru rwkhu ydoxdeoh dvvhwv1 Rxu prghoolqj iudphzrun pd| hqfrpsdvv wklv srvvlelolw|
exw lv qrw olplwhg wr lw1 Wkh uroh ri vkduhfursslqj/ lq rxu sdshu/ pd| dovr frph wkurxjk d gl￿huhqw fkdqqho
wkdq lq wkh deryh phqwlrqhg sdshuv1 Iru h{dpsoh/ wkh whqdqw pd| kdyh wkh vdph krul}rq lq wkh idup dv wkh
odqgorug ^dqg wkhuhiruh qr lqfhqwlyh wr gdpdjh wkh odqgorug*v dvvhwv‘ exw gxh wr gl￿huhqw suhihuhqfhv ryhu
ixwxuh lqfrph kh pd| surgxfh pruh +ru ohvv, wrgd| wkdq zkdw wkh odqgorug zrxog kdyh olnhg dqg frqvhtxhqwo|
d vkduh frqwudfw pd| plwljdwh wkhvh gl￿huhqfhv1
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7Zh dvvxph wkdw wkh odqgorug kdv yhu| orz pdqdjhuldo vnloov dqg wkhuhiruh/ rzq fxowlydwlrq lv uxohg rxw1
Rxu prgho wkhuhiruh lqfoxghv wkh fdvh ri devhqwhh0odqgoruglvp/ dq lqvwlwxwlrq zklfk lv kljko| suhydohqw lq
pdq| uxudo hfrqrplhv/ zkhuh doprvw doo iduplqj dfwlylwlhv duh xqghu wkh frqwuro ri wkh idup whqdqw1
8Wkh frqwudfwv zh frqvlghu lv d vhtxhqfh ri wzr vkruw0whup frqwudfwv udwkhu wkdq d orqj0whup rqh1 Khqfh/
wkh ￿elqglqj￿ uhihuv wr wkh whupv ri hdfk frqwudfw dv rssrvhg wr wkh hqirufhdelolw| ri wkh orqj0whup uhodwlrq0
vkls1
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9Lq wkh qh{w vhfwlrq/ zh zloo vkrz wkdw wkh htxloleulxp ydoxh ri ￿5 lv dozd|v 4/ lqghshqghqw ri wkh
vwulfw frqfdylw| ri ￿4= Ehorz/ zh r￿hu d sdudphwulf h{dpsoh zkhuh ￿4 lv vwulfwo| frqfdyh lq O4 dqg O51
Frqvlghu d surgxfwlrq ixqfwlrq ri wkh irup= i+O, @ Od/ zlwk 3 ?d?4 dqg v5+O4, @ v4 ￿ eO5
4/ zklfk
vdwlvi| wkh dvvxpswlrqv ri rxu prgho1 Lw fdq eh hdvlo| fkhfnhg wkdw ￿4 lv vwulfwo| frqfdyh lq O4 dqg O5 iru
dq| O5 ￿ 3 dqg dq| O4 5 ^3>
s
v4+4 ￿ d,@e+4.d,,1 Qrz revhuyh wkdw wkh kljkhvw ohyho ri hpsor|phqw lq
shulrg 4 lv zkhq ￿4 @4dqg ￿W @3^ixoo lqfhqwlyhv dqg qr ixwxuh iru wkh whqdqw/ vhh dovr Ht1+:,‘1 Lq wklv
fdvh O￿
4 @ +v4d@z,4@4￿d1 Rqh fdq hdvlo| ￿qg frqglwlrqv rq wkh sdudphwhuv +v4>d>z>e, vxfk wkdw O￿
4 5 ^3> s
v4+4 ￿ d,@e+4.d,, zklfk jxdudqwhhv wkh frqfdylw| ri ￿4 lq wkh uhohydqw uhjlrq ri wkh fkrlfh yduldeohv1
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